The effect of dietary ractopamine and protein level on growth performance, individual muscle weight and carcass composition of finishing pigs were evaluated in two experiments. Twelve barrows and 12 gilts (Exp. 1) and 32 barrows (Exp. 2) with an average initial weight of 64 kg were penned individually and offered ractopamine at 0 or 20 ppm in diets containing 13 or 17% CP in 2 x 2 factorial experiments for 28 d. In both experiments, dietary ractopamine improved daily gain (P < .l) and gain-to-feed ratio (P < .05) at 17% dietary protein level but depressed these response criteria at 13% protein level. Leaf fat was reduced (P < .05) and longissimus muscle depth was increased (P < .l) by feeding ractopamine regardless of dietary CP concentration. Longissimus, psoas major, semitendinosus, biceps and quadriceps femoris (P .05) and tensor facia latae (P < .l) muscles were 8 to 22% heavier with ractopamine feeding at 17% dietary CP level. Results from both trials suggest that ractopamine improves growth rate and carcass leanness at the higher dietary protein level but improves only carcass leanness at the lower protein level.
Introduction
Dietary administration of beta-adrenergic receptor-stimulating norepinephrine analogs to manipulate growth and body composition, and particularly to effect a reduction in carcass adipose tissue mass, has received much research attention in recent years. Clenbuterol, cimaterol and ractopamine are beta-adrenergic agonists that have been fed to pigs (Dalrymple et al., 1984; Jones et al., 1985 ; Moser et aL. 1986; Anderson et al., 1987; Mersmann et al., 1987; Nelson et al., 1987) . These compounds reduce carcass fat and increase muscle mass, but their effects on body weight gain and feed efficiency are less consistent. The effects of ractopamine on weights and chemical cmposition of individual muscles have not been reported. Furthermore, an increase in carcass lean mass may require an increased dietary protein concentration.
In the present experiment, we investigated the effects of dietary ractopamine and protein on performance, carcass characteristics and growth of individual muscles in pigs.
Materials and Methods
In the first experiment, 12 barrows and 12 gilts (all 3/4 Yorkshire and 1/4 Landrace) were stratified by weight and sex; in the second experiment. crossbred barrows (3/4 Yorkshire and 1/4 Landrace) were stratified by weight and assigned randomly within strata to one of four diets (Table 1) . These pigs were housed individually in 1.2-m x 1.6-m pens with three quarters solid and onequarter slatted floors. Pigs had free access to feed and water through 3633 with which to compare carcass data from the pigs treated with dietary protein and ractopamine. At slaughter, carcass, leaf fat, liver minus gall bladder, heart, kidney, pancreas and thyroid weights were recorded. Depth of the longissimus muscle between the 3rd and 4th ribs about 7 cm from the midline and fat depths at the lst, loth and last ribs and the last lumbar vertebrae were measured electronically.
Carcasses were chilled at 2°C for 2 d; then, the left half was divided into whole and trimmed primal cuts. Certain muscles (longissimus, psoas major, psoas minor, gracilis, semimembranosus, semitendinosus, biceps femoris, quadriceps femoris, tensor facia latae, gastrwnemius, adductor, gluteus medius, pectineus and sartorius) were dissected out of the right half of the carcass and weighed. Longissimus, biceps femoris and gastrocnemius muscles were frozen, ground and freeze-dried The lyophilized muscles were ground and stored at -18°C until subsequent analysis for protein (N x 6.25). ether extract and ash (AOAC, 1984) . The diets also were analyzed for proximate composition, calcium and phosphorus (AOAC, 1984) . The data for each response criterion, from each of the two experiments, were analyzed by using the General Linear Models procedure (SAS, 1985) for a 2 x 2 factorial experiment in a randomized complete block design. Wherever an interaction between CP and ractopamine was not detected (P > .l), the interaction sums of squares along with the associated degrees of freedom were pooled into the error term. Sex was included in the model for analysis of data from Exp. 1. Initial, final and carcass weights were used as covariates in growth performance, carcass and muscle data, respectively. Treatment means were separated using protected least significance difference (Steel and Tome, 1980) .
Results
Over the 28-d feeding period, there was an interaction between dietary protein and ractopamine in both experiments, with ractopamine increasing (P < .lo) rate of gain in pigs fed the 17% protein diet but depressing (P c .lo) the same response criterion in pigs fed the 13% protein diet (Tables 2 and 3) . Gain-tofeed ratio responded to dietary protein in a pattern similar to that of growth rate, with a depression (P < .05) due to dietary ractopamine at 13% protein and an improvement (P < .05) with ractopamine at 17% dietary protein concentration in both experiments (Tables 2 and 3 ). There was no sex effect in Exp. 1. The difference among treatments in carcass weight followed the same pattern as final body weight (Table 4) . Carcass weight was lower (P < .05) with ractopamine feeding at 13% CP but higher (P < .05) at 17% CP.
Supplementation with 20 ppm ractopamine reduced (P c .05) leaf fat but increased (P < . l ) muscle depth regardless of CP level (Table   4) . Dietary ractopamine had no effect on the weight of any of the internal organs ( Table 5) . Liver weight was lighter (P < .l) and kidney weight was heavier (P < .05) in pigs that received 17% protein in contrast to 13% protein. The 17% protein diet led to an increase (P < .I) in weight of some primal cuts (Table 6 ). Weights (Table 7) of gracilis, gastrocnemius, gluteus medius and sarturius muscles were similar 8~0 s~ the four treatments. Semimembranosus (P < .05) and tensor facia latae muscles (P < .l) were heavier in pigs that received 13% protein plus ractopamine than in pigs that were fed the control 13% protein diet. Pigs that received the 17% CP diet containing ractopamine had heavier longissimus (P < .1), psoas major (P < .05), semitendinosus (P < .l), biceps femoris (P < .05), quadriceps femoris (P < .l) and tensor facia latae (P < .l) than pigs that received the control 17% CP diet (Table 7) .
Chemical analysis of ground longissimus and gastrocnemius muscles (P < .OS) indicated that the percentage of protein was higher and the percentage of ether extract was lower (P < .lo) in pigs offered the 17% vs the 13% protein diet (Table 8 ). The percentage of chemical components in biceps femoris muscle followed similar trends, but differences were not significant. Ractopamine had no effect on any of the chemical components of longissimus, biceps femoris and gastrocnemius muscles. The rates at which protein was deposited in longissimus (P < .05), biceps femoris (P < .l) and gastrocnemius (P < .l) muscles were greater in pigs fed the 17% compared to 13% Watkins et al., 1988) . Differences in CP and ractopamine levels used in the various experiments probably contributed to the inconsistency in observations reported.
There was an interaction between dietary protein and ractopamine concentrations on growth rate and feed efficiency in both experiments. In Exp. 1, ractopamine depressed ADG and gain/feed 12 and 16%, respectively, in pigs offered the 13% protein diet, but it improved these responses 10 and 25% in pigs offered the 17% protein diet. A similar trend was observed in the second experiment, which utilized the same treatments but more pigs.
Feed intake and ADG were lower in the first experiment than in the second experiment, perhaps because the former was conducted in the summer, when temperatures exceeded 30'C. A combined analysis of the two experiments was conducted, and results are presented in Figure 1 . There is no interaction between experiment and treatment. Pigs offered the control 17% protein diet did not gain weight during the 1st wk (Figure 1, top panel) due to a tendency for reduced feed intake (Figure 1,  bottom panel) . At the 13% dietary protein level, ADG (kg) was depressed by 9% (.78 vs .86, SD = .107, n = 13 or 14) and gain/feed was depressed by 10% (.27 vs .3, SD = .025, n = 13 or 14) when ractopamine was fed. Ractopamine feeding at 17% protein level, however, improved growth rate (kg/d) and gaidfeed by 12 and 15%, respectively (1.03 vs .92, SD = .107; .32 vs .37, SD = .025, n = 13 or 14). Nelson et al. (1987) observed similar improvements in growth rate and feed efficiency in ractopamine-fed pigs offered a 16% 3.5 protein diet; a depression in these response the level of dietary protein (Table 4) . This is criteria with ractopamine-fed pigs offered a similar to the 13% increase in loin eye area 12% protein diet also has been reported observed with ractopamine feeding (Watkins et (Anderson et al., 1987) .
al., 1988) and a 12% decrease in leaf fat
Dietary ractopamine increased (P < .l) loin observed with cimaterol (Jones et al., 1985) in eye area and muscle depth by 10% and pigs. No report was found in the literature on reduced (P e .l) leaf fat by 9% regardless of the effect of ractopamine on organ weights in pigs. Available information on other betaagonists are inconsistent. In the present study, ractopamine did not alter organ weights (Table  5) . Liver weight was decreased by cimaterol in pigs (Moser et al., 1986; Mersmarm et al., 1987) and by clenbuterol in rats (Reeds et al., 1988) , but this was not detected with cimaterol in pigs (Jones et al., 1985) , mice @sen et al., 1988), rats (Sainz and Wolff, 1988) and cattle (Quirke et al., 1988) . Cimaterol decreased heart weight in pigs and cattle (Jones et al., 1985; Quirke et ai., 1988) , but it had no effect in pigs or rats (Moser et al., 1986; Mersmann et al., 1987; Sainz and Wolff, 1988) . In contrast, heart weight was increased by cimaterol in mice and by clenbuterol in rats (Eisen et al., 1988; Reeds et al., 1988) . Kidney weights were reduced in mice and pigs, but they were increased in cattle and pigs in these studies. Dietary protein reduced (P e . l ) liver weight and increased (P e .05) kidney weight, presumably due to an increased load of nitrogen to excrete. There is no information in the literature on the effect of ractopamine on individual muscle weights. Weights of longissimus (P < .l) and psoas major (P < .05) muscles increased due to ractopamine in pigs offered the 17% protein diet ( Table 7) . Clenbuterol has been reported to increase longissimus muscle weight in lambs (Bohorov et al., 1987) . Jones et al. (1985) observed 11 and 8% greater weights of semitendinosus and biceps femoris muscles, respectively, with cimaterol treatment in finishing pigs fed a 14% protein diet; this is similar to our observations. More pronounced increments of 31 and 32% in weights of semitendinosus and biceps femoris muscles, respectively, were observed with cimaterol in 30-kg lambs ( Beermannn et al., 1986 Beermannn et al., , 1987 . Contrary to the clenbuterol-induced increase in gastrocnemius muscle weight in rats (Reeds et al., 1986 (Reeds et al., , 1988 ) ractopamine in our study did not af€ect gastrocnemius muscle weight. In cases in which beta-agonists have been found to increase muscle weights, it was evinced to result from radial hypertrophy of fiber types I and II (Maltin et al., 1986, clenbuterol- (Miller et al., 1988, clenbuterolfed cattle) . Consequently, radial hypertrophy of fiber types I and(or) II may increase weights of longissimus, psoas major, semitendinosus, semimembranosus, biceps and quadriceps femoris, tensor facia latae, adductor and pectineus muscles ( Table 7) .
Dietary protein level had no effect on biceps femoris muscle protein and ether extract concentration, but higher protein increased the protein concentration in longissimus (P < .l) and gastrocnemius (P e .05) muscles and reduced the ether extract concentration in these muscles ( Table 8) This observation is similar to another report (Bohorov et al., 1987) in which clenbuterol had no effect on protein concentration of the longissimus and quadriceps femoris muscles. However, as shown by the heavier muscle mass, ractopamine induced faster rates of longissimus and biceps femoris muscles protein deposition, as did dietary protein concentration (Table 8) .
Muscles from different anatomical locations differ in their response to glucocorticoids (Rannels and Jefferson, 1980; Deschaies et al., 1981; Odedra and Millward, 1982) . This has been attributed to proportions of type I vs II fibers in the muscle. Dietary cimaterol reduced the numbers of type I fibers in semitendinosus but not in longissimus muscles in lambs ( Beermannn et al., 1987) . Furthermore, Williams et d. (1984) showed that beta-2 receptor density varies among muscles of differing proportions of fiber types (e.g., muscles containing predominantly type I fibers, such as soleus, have higher beta-2 receptor density than does longissimus muscle, which has predominantly type II fibers). Perhaps the differential response of the various muscles to ractopamine administration in the present study correlates with the ratio of fiber types and beta-2 receptor density.
implications
An interaction between dietary protein and ractopamine concentrations was detected. Ractopamine added at 20 ppm to a 17% protein diet increased rate of weight gain 10 to 12% and gain/feed 12 to 25%, but gain and efficiency tended to be ~d u c e d with a 13% protein diet. Regardless of dietary protein concentration, however, ractopamine feeding
